The aim of the present study was to examine the effect of training on selected markers of anaerobic capacity of upper and lower limbs in male, Greco-Roman wrestlers from 16 to 19 years of age. The study was conducted four times at one-year intervals on the same group of male competitors (n=12). Every year at the beginning of the second preparatory period all wrestlers performed arm cranking and leg cycling 30 s Wingate tests. The relative peak and mean power of upper limbs were higher in 17-, 18-, and 19-year-old wrestlers compared to 16-year-old ones, but were similar in 17-and 18-year-old athletes. The highest peak and mean power of legs were found in 19-year-old wrestlers. In 18-year-old athletes, the peak power was lower than in 17-year-olds and was similar to 16-year-old wrestlers. The relative mean power in the group of 18-year-old athletes was lower compared to 16-and 17-year-old ones, but it was similar in 17-and 19-year-old wrestlers. Changes in the levels of the relative peak and mean power of upper and lower limb muscles in wrestlers occurred at different periods between the age of 16 and 19. However, it seems that inappropriately chosen training loads may reduce short-term power outputs despite age correct increase in anthropometric parameters. Wrongly applied training did not bring positive effects and could inhibit, for some time, the natural development of power in young wrestlers.
INTRODUCTION
Wrestling presents some unique metabolic demands on the body and there is a general agreement that development of muscular power is crucial to success in this sport discipline [27] . A wrestling match consists of several explosive offensive and defensive manoeuvres causing elevation of blood lactate concentration to 20 mmol · l -1 [17, 22] . The anaerobic system is necessary for technique manifestation through fast movements with energy supplied by the creatine phosphate and glycolytic system [10, 30] . During a wrestling match the ratio of lactic to alactic anaerobic processes is 1:9 [7] . The anaerobic power is an important criterion for performance in sports such as wrestling where short-term explosive efforts are made [8, 9] .
Wrestlers compete in weight categories, and they temporarily lose weight to reach the correct body mass. The data concerning the effect of weight loss on physical performance have been inconsistent, due to different dietary and dehydration interventions. Rankin et al. [24] established that weight loss by dietary restriction significantly reduced anaerobic performance in wrestlers. Also Housh et al. [13] found that participation in wrestling, which typically includes repeated reduction of body mass, does not adversely affect normal anthropometric growth patterns in young athletes. There is evidence that in the general population of adolescent boys, growth and maturation are not influenced by level of physical activity [4, 6] . At the same time, regular physical activity contributes to anaerobic power performance as well as isometric and explosive strength. Armstrong et al. [2] , studying 12-year-old boys at a one-year interval, confirmed an increase in both the peak and mean power of their lower limbs.
The 30 s Wingate test has been commonly used to evaluate athlete performance by measuring muscle power and obtaining information about muscle metabolism during short-term, high-intensity exercise [15] . Anaerobic power and capacity of senior and adolescent wrestlers has been the subject of numerous studies to estimate muscle peak and mean power [21, 29] . Hübner-Woźniak et al. [14] , while studying elite free style Polish wrestlers, established that the peak power for upper and lower limbs was 6.9 and 11.4 W · kg -1 respectively. Similar results were obtained by Horswill [8] , who found that the peak power was 7.8 and 10.9 W · kg -1 . A somewhat lower peak muscle power for lower limbs in senior wrestlers (9.8 W · kg -1 ) was measured by Popadic Gacesa et al. [23] . There is no information The aim of the present study was to examine the anaerobic power and capacity of upper and lower limbs in young Greco-Roman wrestlers across three years of training.
MATERIALS AND METHODS
The subjects of the present study were 12 young, male Greco-Roman wrestlers. At the commencement of the study the wrestlers were 16 years old, at the end 19 years old, and their training experience Both tests were preceded by a warm-up lasting five to eight minutes with submaximal load until the heart rate of 130-150 beats · min -1 was reached. The arm cranking test was performed in a sitting position on an 814 Monark ergometer (Sweden). The load was selected individually and it was 62 g · kg -1 body mass. The leg cycling test was performed on a Monark 874E (Sweden) ergometer with the load of 75 g · kg -1 body mass. In both tests the peak power (P max ) and the mean power (Pmean) were registered using the computer program MCE version 5.1. These parameters were expressed in relative values (W · kg -1 ).
Data were reported as mean values (x) and standard deviation (SD). Differences between variables were determined using one-way analysis of variances (ANOVA). Additionally, Pearson correlation coefficients were calculated to examine relationships between variables.
The level of significance for all statistics was set at p < 0.05.
RESULTS
Body mass, fat free mass, and body height of young wrestlers increased with age ( Table 1 ). These parameters in 19-year-old wrestlers were higher compared to 16-year-old ones by about 14.9%, 15.8%, and 5.7%, respectively. Fat content (in %) and BMI were similar in all age groups of wrestlers.
The relative peak and mean power of upper limbs were higher in 17-, 18-, and 19-year-old wrestlers compared to 16-year-old ones, but they were similar in 17-and 18-year-old athletes ( Table 2 ).
The highest peak and mean power of legs was found in 19-year-old wrestlers. In 18-year-old athletes, the peak power was lower than in 17-year-old ones and was similar to 16-year-old wrestlers.
The relative mean power in the group of 18-year-old athletes was lower compared to 16-and 17-year-old ones, but it was similar in 17-and 19-year-old wrestlers.
Taking into account the results of the four-year study it was found that the peak and mean power of arms were correlated with fat free mass (r=0.35 and r=0.43, p<0.05, respectively). In the case of lower limbs only the peak power was related to FFM (r=0.33, p<0.05).
The changes in the relative peak and mean power over four years of study were different for upper and lower limbs ( Fig. 1 and 2) . (Fig. 1) , but for lower limbs (Fig. 2) in the same period there was a decrease in the peak and mean power by 9.0% and 11.5%, respectively.
DISCUSSION
It is well known that body mass and height as well as muscle mass increase with growth and maturation together with strength and power of muscle [1, 19] . The results of the present study indicated that training of young wrestlers on one hand had no effect on the increase of body mass, fat free mass and body height, which were related to age, but on the other hand it caused disturbances in the development of the anaerobic peak and mean power of legs and arms across age. It is believed that exercise training of young wrestlers does not adversely affect normal anthropometric growth patterns and that anthropometric characteristics were similar for the wrestlers and a representative sample of adolescent males [13] . Also the findings of Camic et al. [5] confirmed that in young wrestlers body mass, body height, and fat free mass were related to age in a similar pattern to that in non-trained adolescents.
At the same time Martin et al. [20] , while studying non-active boys aged from 7 to 17 years, showed that the peak power increased with age.
In the available literature, there are no reports of longitudinal studies of leg and arm anaerobic peak and mean power in the same group of young wrestlers or any other combat sport discipline. These athletes engage in sports which require short bursts of peak power and high anaerobic capacity during competition [30] . Terbizan et al. [28] , while studying 15-, 16-, and 17-year-old wrestlers, established that arm and leg mean power increased with age, but statistically significant differences were only observed between the youngest group and both older groups.
The development of muscular strength and power is crucial to the success of wrestlers [27] . It was shown that the isokinetic peak torque in young wrestlers (11.1-18.2 years) increased with age and it was related to not only body mass, fat free mass, and body height, but to neural maturation. Kim et al. [16] , while studying South Korean judoists, found that peak and mean power of legs was correlated with fat free mass. Also Vardar et al. [29] established that peak power was positively correlated with FFM in male wrestlers aged from 15 to 19 years. In the present study, a significant correlation with FFM was found for the peak and mean power for upper limbs, but for legs such a correlation was only observed between the peak power and FFM. The lack of correlation between the mean power and FFM for legs may be explained by a significant decrease of mean power (by 11.5%) in 18-year-old wrestlers. Horswill et al. [9] , while studying wrestlers in the 14 to 18 years age group, found that the relative peak and mean power of upper limbs was 7.4 and 5.9 W · kg -1 , respectively, while for lower limbs it was 10.6 and 8.6 W · kg -1 . In the present study the relative peak and mean power of upper limbs were higher in every age group (8.0-9.3 and 6.7-7.3 W · kg -1 , respectively), while for lower limbs the differences were less pronounced and regular. It should be noted that the relative peak and mean power of upper and lower limbs of 19-year-old wrestlers in this study were similar to senior wrestlers [8, 14] .
Housch et al. [12] , while comparing the increases in height and body mass in wrestlers aged 15, 16 and 17 years with non-training boys of similar age, found that training did not change the direction and magnitude of the yearly changes in anthropometric characteristics. These results suggest that wrestling, which typically involves repeated bouts of weight reduction, does not affect anthropometric growth. However, during bouts of weight loss wrestlers frequently use harmful methods and techniques. Repeatedly losing and regaining weight, called "weight cycling", can have negative effects on health and performance [11] . Dietary restriction in wrestlers had no effect on anthropometric parameters but the reduction in protein nutritional status caused a decrease in muscular strength and power [11, 12] . It was shown that insufficient dietary intake of protein and carbohydrates impairs muscular performance during acute weight
FIG. 2. DIFFERENCES (IN %) IN THE PEAK AND MEAN POWER OF LOWER
LIMBS ACROSS AGE % % loss [26] . Because of reduced body mass the positive effects of training on power and strength may be compromised or even annulled when wrestlers reduce their body weight [10] .
Wrestler training has several essential elements including high levels of dynamic and isometric strength, anaerobic and aerobic conditioning, quickness, flexibility, and power. The complexity of these demands suggests the need for a highly integrated and individualized strength and conditioning training programme. Whole body power is necessary for wrestlers, so the specific mode of training has to include maximal and submaximal loads. Such training methods might be too extreme for some individuals, causing a decrease of physical capacity [18] .
The present study showed that the relative peak and mean power of arms and legs in 18-year-old wrestlers were decreased (or stabilized) compared to 17-year-old athletes. It is a rather unexpected result, because their anthropometric parameters increased with age. A decrease in arm and leg muscle strength and power is observed during the wrestling season and is mostly related to the loss of lean tissue [25] . In the present study, the lean body mass increased with age, so it could be presumed that the decrease/stabilization of the peak and mean power was caused by an incorrect choice of exercise loads in the training process.
There are some limitations of the present study. First, there is no documentation of training methods and the magnitude and type of exercise loads in the consecutive years of training of the young wrestlers. Second, it is difficult to determine the effect of wrestler training on changes in peak and mean power of arms and legs, since there was no control group of non-training boys studied in the same way, and it is known that these variables depend on age and increase with the body mass and fat free body mass.
CONCLUSIONS
Summarizing the obtained results, wrestler training does not cause disturbances in the age-related anthropometric growth pattern.
The relative peak and mean power of arms and legs increased between the 16th and 19th year of wrestlers' age, although between the 17th and 18th year of age there were either no changes or a decrease of these variables. The obtained results indicate that the relative peak and mean power of upper and lower limbs depend on the fat free body mass. Nevertheless, it seems that incorrectly chosen training loads can cause the reduction of short-term power outputs, despite proper age-related increases in anthropometric parameters.
